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Isothiazoles I: 4-Isothiazolin-3-ones.
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The syntheses of 3-hydroxyisothiazole, 4-methyl-3-hydroxyisothiazole, and a comprehensive
series of the respective 2-substituted-4-isothiazolin-3-ones have been achieved by the one-step
chlorination-cyclization of the corresponding 3,3'-dithiodipropionamides. In several instances,
5-chloro-4-isothiazolin-3-ones were isolated as side products; however, no 4-chloro-4-isothiazo-
lin-3-ones were evident in the reaction mixtures. These observations, coupled with the exclusive

4- or 4,5-halogenation of several preformed 4-isothiazolin-3-ones, support a proposed reaction

pathway involving introduction of chlorine
products.

Since its first synthesis in 1956 by Adams and Slack
(1), the mononuclear isothiazole ring system has under-
gone increasing investigation, and numerous syntheses
yielding a variety of substituted derivatives have now been
described (2).  Substantially less has been reported on
3-hydroxyisothiazoles (I) and the closely related 2-substi-
tuted-4-isothiazolin-3-one systems (1), however. Goerdeler
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and Mittler (3) in 1963 reported the syntheses of 5-methyl-
and 5-phenyl-3-hydroxyisothiazoles as well as 2-methyl-
5-phenyl-4-isothiazolin-3-one by bromination of the appro-
priately substituted thioacylacetamides (eq. 1). Hatchard
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(4), also in 1963, described the synthesis of the disodium
salt of 3-hydroxy-4-cyano-5-mercaptoisothiazole by the
hydrogen peroxide oxidation of di(sodiomercapto)methyl-
enemalononitrile (eq. 2).  Goerdeler and Keuser (5) in
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a to the sulfur atom in intermediate reaction

1964 reported the preparation of several 5-anilino-3-
hydroxyisothiazoles by the bromination of the respective

thiomalonamide derivatives (eq. 3).  The first reported
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synthesis of the parent 3-hydroxyisothiazole itself, how-
ever, was via the cyclization of cis-3-thiocyano- and thio-
sulfatoacrylamide in 1964 by Crow and Leonard (6), who
also described the preparation of 2-methyl- and 2-ethyl-4-
isothiazolin-3-ones from the corresponding amides by the

same method (eq. 4).
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We now wish to report a very simple, convenient, and
high yield synthesis of 3-hydroxyisothiazole (Ill; R = R’ =
H), 4-methyl-3-hydroxyisothiazole (Il; R = H, R" = CHjy),
and a comprehensive series of the respective 2-substituted-
4-isothiazolin-3-ones (III; R # H) by the chlorine or
sutfuryl chloride induced cyclization of readily available
3,3"-dithiodipropionamides (1V) (eq. 5). The reaction
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is conveniently performed by the introduction of a slight
excess of three equivalents of the chlorinating agent to
the amide slurry or solution in toluene, ethylene dichloride,
or cthyl acetate at 0-50°. Conversion is quite rapid and
essentially complete at the termination of the chlorine
addition.  lsothiazolin-3-one products (1II) may be iso-
fated from the reaction mixture either as their generally
insoluble hydrochloride salts or alternatively as the free
the isothiazolone
bases are sufficiently weak that their hydrochloride salts
are essentially completely dissociated in water. The use of

bases by suitable aqueous work-up;

pyridine as an internal acid scavenger during the reaction
offered no advantages; in fact, the products were ob-
tained in lower yield and purity. The preparations of a
large variety of 4-isothiazolin-3-ones by this method are
summarized in Table 1; little effort was made to optimize
the reported yields.

A major advantage of this preparative route is the
ready availability of the 3,3"-dithiodipropionamide inter-
mediates (IV), conveniently prepared by amidation, via
the acid chlorides, of the corresponding diacids. 3,3"-Di-
thiodipropionic acid is commercially available (Fvans
Chemeties, Inc.), while 3,3-dithiodiisobutyric acid may
he prepared by the hydrogen peroxide oxidation of §-mer-
caploisobutyric acid (XII), in turn obtained by hydrolysis
of S-thioacetoxyisobutyric acid (X1), the addition product
of methacrylic and thiolacetic acids (Scheme ).
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Accepting the well established chlorinolysis of dialkyl
disulfides to sulfenyl halides (7) as the initial step in
4-isothiazolin-3-one product formation (eq. 5), the most
likely mechanistic pathway is indicated in Scheme I1. It
is clear that for the unsaturated 4-isothiazolin-3-one
nucleus (111) to result via Scheme I1, an atom of chlorine
must first be introduced ecither a or § to sulfur. A
preference for a-chlorination is suggested in the literature
(8) and supported here by the isolation in several instances
(Table 1) of 5-chloro-4-isothiazolin-3-ones (VII), likely
descendents of further chlorination of either of the possible
Indeed, these
5<hlorinated derivatives may be obtained as major products
by appropriate manipulation of reaction stoichiometry
and conditions (9). Although they may also result from
the dehydrochlorination of a,8-dichloro analogs of V or
VI, theoretical considerations would appear to favor a,o-
intermediacy.

monochlorinated intermediates, V or V1.

Significantly no 4-mono chlorinated by-
products were observed in the reaction mixtures, although
the presence of 4,5-dichloro derivatives (VIle) was noted.
In contrast, direct halogenation of 1II afforded only 4-
and 4,5-dihalo-4-isothiazolin-3-ones (Scheme 1II), quite
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VIila, R = H (77%) (a.b) Ma, R=H 1Xa, R = H (60%)
b, R = CH; (96%) (b) ¢, R=CH, b, R =CH; (16%)
h, R =t-Celly ¢, R = t-Cally (5024)

(a) A small quantity of 4-chloro-4-isothiazolin-3-one was isolated.
(b) No evidence for 5-chloro-d-isothiazolin-3-ones was obtained.

in line with the known preference for electrophilic sub-
stitution at the 4-position in simple isothiazoles (2). Thus
it appears certain that the S5-chloro substituent of the
by-products VII must also be introduced prior to for-
mation of the 4-isothiazolin-3-one nucleus.

The positions of the halogens in compounds Vlla,
¢,d,f and 1Xa-c were shown by NMR spectral data (Table
V). Thus the 4-protons of Vlla,c,d,f appeared at 8 6.10-
6.50 (deuteriochloroform) while the 3-protons of 1Xa-c
were evident at 6 8.80 (DMF) and 6 8.13-7.93 (deuterio-
chloroform), respectively.  These assignments were un-
ambiguously confirmed by the NMR analysis of the
unequivocal 4-methyl-4-isothiazolin-3-ones 1llb, Ilid, and
Ier which showed 5-proton absorption in the range of

5 7.57-7.92 (deuteriochloroform).

EXPERIMENTAL

Melting points were determined using a Thomas-Hoover capil-
lary melting point apparatus; all melting and boiling points are
uncorrected. The ultraviolet absorption spectra were recorded on
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Compound
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CH,

CH,

C,Hs

C3H7<n

C4H9-n

C4H9~l

C5H 11-n
CsHg(cyclo)
C6H 131

CeH; 1(cyclo)
C8H17-n
C3H17-t
CH2CH(C2H5 )C4H9~n
CgH 19-1
CioHzyn
CizHzs-n
CiaHz9n
CH,C4Hs
CH,CgH4Cl2
CH,C4H4Cl-4
CH,CgHaOCH 3-4
CH,CgH4CH 5-4
CH,C4H;3C15-2,4
CH,CgH;Cl5-3,4
CH(CH;3)C4Hs
C,H4CeHs
C,H4CN
C,H4CO,CH;
CoH4C
C,H40C,Hs
C,Ha0C¢Hs
C,H,aCH Ll
CeHaCl-2
CeHaCl-3
CeHaCl4
CeH4NO,-4
CeH4C0,C,Hs-4
CeH3Cl,-2.4
CeH3Cl,-2,3
CeH;3C1,-2,5
CgH3Clp-3,4

CH;
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[sothiazoles 1.

TABLE 1

4-lsothiazolin-3-ones (I111)

R' , 0
[ S/N—H‘

M.p. °C

7374 (a,b)
105-109 (c)
48-50 (d)
78-80 (e)
59-61 (f)

85-86 (c)
118-119 (a)
114-115 (a)
101-102 (g)

30-31 (h)
41-42 (h)
46-49 (¢)
53-55 (i)
78-80 (¢)
99-100
90-92 (a)
80-82
76-77 (¢)
122-124
87-89

76-78 (c)
85-86 (j)

64-66

78.8]
45-48
91-92 (j)
90-91 (j)
119-122 ()
142-144 ()
188-190 (k)
141-142 ()
155-157 ()
130-134 (j)
145-147 (a)
166-168 (g)

B.p. °C (mm)

93 (0.03)
72 (0.3)
65 (0.1)
96 (0.03)
118 (0.05)
102 (0.03)
142 (0.03)

119 (0.01)

138 (0.01)

120 (0.02)
100 (0.02)
90 (0.04)

124 (0.03)

Solvent

EtOAc
EDC
EDC
EDC
EDC
EDC
Toluene
Toluene
EtOAc
EtOAc
EDC
EDC
Toluene
Toluene
Toluene
Toluene
Toluene
EDC
EDC
EDC
EDC
EDC
EDC
EDC
EDC
EDC
Toluene
EDC
EtOA¢

- EDC

EtOAc
Toluene
Toluene
EtOAc
EtOAc
EtOAc
Toluene
Toluene
Toluene
Toluene
Toluene
Toluene
Toluene

EtOAc

Chlor
Agent

Cly
SO, Cl,
S0, Cly
S0,Cl,
$0,Cl,
S0,Cl,
Cl,

S0,Cl,
Cl,

Cl,

S0, Cl,
S0,Cl,
Cly

Cl,

S0,Cl,
$0,Cl,
Cly

$0,Cl,
S0,Cl,
$0,Cl,
S0,Cl,
$0,Cl,
S0,Cl,
S0,Cl,
S0, Cl,
80,Cl,
$0,Cly
$0,Cl,
$0,Cl,
Cl,

Cly

Cl,

Cl,

Cl,

$0,Cl,
S0,Cl,
$0,Cl,
S0,Cl,
$0,Cl,
S0,Cl,
S0,Cl,
$0,Cl,
S0,Cl,
S0,Cl,

573

Yield
%

75
47
33
54
33
85
92
80
82
52
89
65
90

72
49
44
44
50
46
62
14
85
37
48
67
71
61
78
73
57
30
67

(a) Recrystallized from benzene. (b) Lit. (6) m.p. 74-753. (¢) Recrystallized from benzene-hexane. (d) Lit. (6) m.p. 50-51°. (e) Re-
crystallized from heptane. (f) Lit. (6) m.p. 61-62°. (g) Recrystallized from ethyl acetate. (h) Recrystallized from hexane. (i) Re-

crystallized from ligroin (90-120°), (j) Recrystallized from toluene. (k) Recrystallized from ethanol.
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TABLE 11

5-Chloro-4-isothiazolin-3-ones (VII)

R 0
cl | sNR
Yield

Compound R R’ M.p. °C %
Vila H H 95-96 (a) 15
Vilb H CH3; 125-126 (b) 18
Vile CH; H 54-35 (c) 13
VIid CH,CgHs H 58-59 (d) 12
Viie CH,CgH5 Cl 62-64 (d) 27
VIIf CoH4CHs H 55-59 (e) 2

(a) Recrystallized from water. (b) Recrystallized from chloro-
form. (c) Recrystallized from ligroin (60-90°). (d) Recrystal-
lized from heptane. (e) Recrystallized from benzene-hexane.

TABLE 111

Halogenation of 4-Isothiazolin-3-ones

R 0]
= 1 s AN
, " Yield

Compound R R R M.p. °C %
Villa H Cl Cl 151-154 (a) 77
Viib CHj Cl Ci 121-123 (b) 96
IXa H Br H 198-199 (c¢) 60
IXb CH3 Br H 94-97 (d) 16
IXe CqHot  Br H 150153 (e) 56

(a) Recrystallized from benzene-ethanol. (b) Recrystallized from
chloroform. (c¢) Recrystallized from ethyl acetate. (d) Recrystal-
lized from ligroin. (e) Recrystallized from ether.

a Perkin Elmer Model 202 Ultraviolet-Visible Spectrophotometer,
and NMR specira were recorded on a Varian T-60 Spectrometer.
Elemental analyses were performed by the analytical department
of the Research Division of the Rohm and Haas Company.

3,3"-Dithiodipropionyl Dichloride (X).

In a 12 liter flask fitted with a mechanical stirrer and hydrogen
chloride scrubber was placed 3150 g. (15 moles) of 3,3'-dithiodi-
propionic acid and one ml. of pyridine. To this flask was then
added 7000 g. (58.7 moles) of thionyl chioride, and the mixture
was stirred at 25° for 2 days. The resulting clear amber solution
was then concentrated on the steam bath under the reduced
pressure of a waler aspirator to give approximately the theoretical
amount (3705 g.) of X which was used without further purification.

3.3"-Dithiodipropionamide Preparations.
3.3"Dithiodipropionamide (1V). The following procedure illustrates
the general Method A.

In a 5 liter flask equipped with a heavy duty stirrer, thermo-
meter, and dropping funnel was placed a mixture of 600 ml. of
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benzene and 810 g. (13.3 moles) of 28% aqueous ammonia. To
this mixture was added a solution of 741 g. (3.00 moles) of X in
1200 ml. of benzene at such a rate as to keep the reaction
temperature below 35°. Near the end of the addition water was
added as required to thin the mixture for efficient stirring. The
thick suspension was then filtered, and the solid was pressed on
the filter and dried to yield 573 g. (92%) of [Va, m.p. 169-171°.

N,N'Dicyclohexyl-3,3"-dithiodipropionamide (1Vj). The following
procedure illustrates the general Method B.

In a 3 liter flask equipped with a mechanical stirrer, thermo-
meter, and dropping funnel, was placed a solution of 396 g
(4.00 moles) of cyclohexylamine in 1 liter of ethylene dichloride.
To this solution was then added dropwise a solution of 247 g.
(1.0 mole) of X, keeping the temperature below 45°. After
addition the mixture was allowed to stir for a few hours and to
cool to room temperature. The thick paste was filtered by
suction and dried. The dried solid was then washed free of
cyclohexylamine hydrochloride by slurrying in 300 ml. of water.
The insoluble solid was collected and dried to yield 328 g. (92%)
of 1Vj, m.p. 159-160°.

N,N'-Di-n-octyl-3,3'-dithiodipropionamide (IVk).
procedure illustrates the general Method C.

The following

In a I liter flask with a stirrer, a thermometer, and a dropping
funnel was placed a mixture of 119 g. (1.0 mole) of n-octylamine,
200 ml. of toluene, and 160 g. (1.0 mole) of 25% aqueous
sodium hydroxide solution. A solution of 123.5 g. (0.50 mole)
of X in 200 ml. of toluene was then added dropwise, keeping the
temperature below 35°.  The thick, off-white paste was then
filtered by suction, and the solid product dried to yield 127 g.
(59%) of 1Vk, m.p. 126-127°.

N,N"-Bis«(3,4-dichlorobenzyl)-3,3"dithiodipropionamide (1Vx). The
following procedure illustrates the general procedure D.

In a 1 liter flask with a stirrer, thermometer, and dropping
funnel was placed a mixture of 88 g. (0.50 mole) of 3,4-dichloro-
benzylamine, 50.5 g. (0.50 mole) of triethylamine, and 250 ml. of
ethylene dichloride. To this solution was added dropwise a
solution of 61.8 g. (0.25 mole) of X in 150 ml. of ethylene
dichloride, keeping the temperature below 30° with an ice bath.
After addition the reaction mixture was allowed to stir at 25° for
several hours. The suspension was filtered by suction, and the
solid dried. The dry solid was washed thoroughly with water,
collected, and dried to yicld 108 g. (83%) of 1Vx, m.p. 125-130°.

N,N'-Bis-(2-carboxyethyl)-3,3"-dithiodipropionamide.

To a solution of 44.5 g. (0.50 mole) of g-alanine and 20 g.
(0.50 mole) of sodium hydroxide in 200 ml. of water at 10° were
added simultaneously, dropwise, 61.7 g. (0.25 mole) of X and a
solution of 20 g. (0.50 mole) of sodium hydroxide in 50 ml. of
water. The temperature was maintained between 10-20° during
the addition which required about 15 minutes. After stirring for
2 hours a trace of tan solid was removed by filtration, and the
dark brown filtrate was then acidified by dropwise addition of
concentrated hydrochloric acid. The resulting tan solid was
collected by filtration and dried in vacuum to yield 83.1 g
(93%) of N,N"bis-(2-carboxyethyl)-3,3"dithiodipropionamide, m.p.
174-176° from water.

N,N"-Bis{2-carbomethoxyethyl)-3,3"-dithiodipropionamide (1Vbb).

A solution of 176 g..(0.50 mole) of N,N-bis-(2-carboxyethyl)-
3,3'.dithiodipropionamide and 320 g. (10 moles) of absolute
methanol was heated at reflux for 2.75 hours, during which time
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Compound
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hh
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Vila

Formula

C,H3NOS
CaHsNOS
CaHsNOS
CsH7NOS
CsH,NOS
CeHgNOS
C,H,;NOS
CH, NOS
CgHq3NOS
CgHyNOS
CoHysNOS
CoHy3NOS
Cy 1 HyoNOS
€1 H,9NOS
Cy1H,9NOS
CyoH,  NOS
Cy3Ha3NOS
CysHy7NOS
Cy7H31NOS
C1oHgNOS
C1oHgCINOS
C1oHgCINOS
C11Hy1NOLS
Cy Hy NOS
C1oH,CI,NOS
C1oH7CI,NOS
CllHllN()S
€1 Hy 1 NOS
CeHgN,0S
C7HgNO;3S
CsHg CINOS
CoH, 1 NO5S
Cy1Hp1NOLS
CeHgCINOS
CoH,NOS
CoHg CINOS
CoHg CINOS
CoHg CINOS
CoHgN, 038
C12Hl 1N02S
CoHsCI;NOS
CoHsC1,NOS
CoHsCINOS
C1oH,C1,NOS

(3H,CINOS
C4H4CINOS
C4aH4CINOS
C1oHgCINOS
CoH7C1,NOS
Cq1H,oCINOS
C3HCI,NOS
CqH3C1LNOS
C3H,BrNOS
CaHgaBrNOS
(J7H 1 ()BI‘N()S

C

35.64
41.74
41.74
46.50
46.50
50.34
53.50
53.50
56.14
56.80
58.38
59.02
601.97
61.97
601.97
63.45
64.73
66.92
68.75
62.83
53.21
53.21
59.73
64.39
46.15
46.15
64.41
64.41
46.73
44.92
36.70
48.55
59.73
40.56
61.02
51.06
51.06
51.06
48.65
57.83
43.90
43.90
43.90
46.15

26.57
32.11
32.11
53.22
46.15
55.12

21.18
26.09

20.00
24.73
35.58

Isothiazoles 1.

TABLE 1V

Elemental Analysis of 4-lsothiazolin-3-ones

H

2.97
4.35
4.35
5.42
5.42
6.29
7.01
7.01
7.60
6.51
8.11
7.10
8.92
8.92
8.92
9.29
9.55
10.04
10.43
4.71
3.55
3.55
4.98
5.37
2.69
2.69
5.36
5.36
3.90
4.81
3.67
6.30
4.98
4.51
3.95
2.84
2.84
2.84
2.72
4.44
2.05
2.05
2.05
2.69

1.48
2.68
2.68
3.55
2.69
4.18
0.59
1.63
1.12
2.06
4.27

Caled.
N

13.86
12.17
12.17
10.86
10.86
9.79
8.92
8.92
8.19
8.28
7.57
7.65
6.57
6.57
6.57
6.17
5.81
5.20
4.73
7.33
0.28
6.28
0.33
6.83
5.38
5.38
6.83
0.83
18.17
7.49
8.56
8.09
6.34
7.83
7.92
6.62
0.62
0.02
12.61
5.62
5.69
5.69
5.69
5.39
10.33
9.37
9.37
6.21
5.38
5.87

8.24
7.0l

7.78
7.22
5.93

S

31.68

27.83
24.81
24.81
22.38
20.38
20.38
18.71
18.94
17.30
17.49
15.02
15.02
15.02
14.10
13.32
11.90
10.77
16.75
14.19
i4.19
14.48
15.61
12.31
12.31
15.61
15.61
20.79
17.12
19.57
18.49
14.48
18.03
18.06
15.12
15.12
15.12
14.41
12.85
13.01
13.01
13.01
12.31
23.62
21.47
21.47
14.19
12.31
13.30
18.83
17.39

17.79

13.58

Cl

15.74
15.74

27.31
27.31

21.71

16.78

27.31
26.20
23.75
23.75
15.74
27.31
14.78

C

35.48
41.81
41.54
46.51
46.62
50.28
53.36
53.37
56.09
56.84
58.30
59.18
601.88
61.99
61.67
603.34
04.66
66.98
68.86
62.82
53.39
53.59
59.74
64.60
46.18
45.87
64.15
64.35
46.68
44.69
36.63
48.95
59.61
40.07
61.31
51.00
51.26
51.02
48.62
58.12
44.13
43.70
43.71
45.92

26.88
32.34
31.91
53.19
46.43
55.22
21.11
26.20
20.20
24.97
35.83

H

3.08
4.33
4.45
5.52
5.37
6.17
7.19
7.00
7.80
6.59
8.39
6.95
8.90
8.92
8.96
9.55
9.76
9.90
10.61
4.84
3.69
3.59
4.96
5.32
2.80
2.62
5.55
5.49
3.92
4.92
3.83
6.42
5.15
4.70
4.03
2.82
3.00
2.59
2.78
4.46
2.08
2.16
2.08
2.80

1.29
2,76
2.50
3.46
2.81
3.95

0.49
1.72

1.17
2.14
4.27

Found

N

13.74
12.07
11.81
10.83
11.01
9.83
8.87
8.89
8.14
8.32
7.53
7.59
6.52
6.54
6.51
6.08
5.62
5.25
4.08
7.22
6.18
6.17
6.25
6.60
5.25
5.15
0.77
6.75
18.25
7.41
8.48
7.98
6.23
7.72
7.86
6.55
6.55
6.42
12.77
5.70
5.53
5.60
5.58
5.59

10.28
9.23
9.19
6.18
5.33
5.62
8.06
7.46

7.73
7.12
6.00

S

31.80

27.96
24.63
24.41
22.30
20.25
20.52
18.40
18.82
17.38
17.41
15.29
15.00
15.02
14.00
13.00
11.72
10.88
16.97
13.95
14.42
14.58
15.60
12.46
12.12
15.55
15.40
20.20
17.02
19.51
18.10
14.28
17.82
17.70
14.82
14.98
14.88
13.99
12.79
12.88
12.69
12.85
12.65
23.53
21.53
21.44
13.80
12.48
13.16

18.80
17.44

17.74

13.28

)
4
A

Cl

15.96
15.76

26.85
97

21.36

16.55

27.13
26.26
23.69
23.95
15.01
27.97
14.51



Compound

IHa (¢)
IXa (d)
Itib
VHa
Vilb
Hle (¢)
IXb
11d
Viic
VHIb

e (1)
HIt

g

(HI
IX¢
11tk

1

11m

in

e

111bb

VIt

1t
Vild

Vile

R

Callg-n

Catly-t
CaHy-t
Colly3-n

CeHy (cyclo)

CgHyq-n

(:8“17-1

ulZ”ZS‘"

CH,CH,CH s

CH,CH, G

CH,Ce s
CH,CeHs

CHyCe s

SoNL Lewis, Go AL Miller, M. Hausman and E. C. Szamborski

Nuclear Magnetic Resonance and Ultraviolet Absorption

TABLE V

Spectral Data for 4-Isothiazolin-3-ones

R’ R"
H H
Br 1
CH; H
H l
CH; Cl
I il
Br 1
CH; H
H Cl
a «l
1 "
H H
H I
i 1
Br H
i H
H 1
1 I
i 1
H H
H "
H cl
i "
H al
l «l

Chemical Shifts, 8 (a.b)

R
10.80 (s)

12.67 (s)
11.48 (s)
12.00 (s)
3.27 (8)
3.38 (s)
3.27 (s)
3.25(s)
3.33 (s)
1.33 (1)
3.90 (q)
0.93 (1)
1.65 (m)
3.73 (1)
0.95 (m)
1.50 (m)
3.73 (1)
1.63 (s)
1.63 (s)
0.88 (1)
1.32 (s)
1.67 (m)
3.73 (V)
1.38 (m)
4.27 (m)
0.87 (m)
1.27 (s)
1.67 (m)
3.72(1)
0.92 (s)
1.05 (s)
2,82 (8)
0.88 (m)
1.25 (s)
377 (1)
2.95 (m)
3.98 (m)
747 (s)
2.73 (V)
4.45 (t)
712 (5)
5.07 (s)
7.53 (s)
4.83 (s)
7.30 (s)
4.98 (s)
7.42 (5)

R/
6.48 (d)
2.08 (s)
6.50 (s)
2.05 (s)
6.05 (d)

1.95 (s)
6.20 (s)

6.09 (d)

5.94 (d)

6.12 (d)

0.09 (d)

0.09 (d)

6.05 (d)

5.83 (d)

6.05 (d)

6.10 (d)

614 (d)

0.10(s)

0.45 (d)

.24 (s)

HH

8.28 (d)
8.80 (s)
7.92 (s)

7.98 (d)
8.13(s)
7.57 (m)

7.98 (d)

7.85 (d)

8.37(d)

7.85 (d)
7.93 (s)
8.03 (d)

7.93 (d)

7.82(d)

7.82 (d)

7.98 (d)

7.89 (d)

8.27(d)

Coupling
Constant, Hz

Jas

5.0

6.0

0.5

6.5

6.0

6.0

6.0

7.0

6.5

0.5

6.0

Vol. 8

UV (Methanol)

A max
(mu)
257
267
262
262
262
278
274
277
279
279

279

276

278

279

280

280

280

278

280

log e
3.92
3.88
3.90
3.90
3.92
3.87
4.09
3.82
4.09
3.92

3.88

3.95

3.94

3.90

3.90

3.89

3.89

3.80
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TABLE V (Continued)

Coupling
Chemical Shifts, 8 (a,b) Constant, Hz
A max
Compound R R’ R” R R’ R" Jas (mu) log e
i Cells H H 7.54 (m) 0.30 (d) 8.10 (d) 6.0
IHrr CeHsCl,-3.4 CHj H 7.71 (s) 2.05 (s) 7.71 (s)
7.40 (s)

(a) Al NMR spectra were determined in deuterated chloroform solution, with tetramethylsilane as an internal reference, unless other-
wise noted. (b) The multiplicity of the absorption is shown in brackets: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. (c)
Lit. (6) NMR s 12.63 (s, N-H), 6.57 (d, Jq 5 4.6 Hz, 4-1), 8.42 (d, J4 5 4.6 Hz, 5-H). (d) NMR determined in dimethylformamide so-
tution. (e) Lit. (6) NMR & 3.37 (s, CH3), 6.28 (d, J4 5 6.5 Hz, 4-11), 8.29 (d, J4 5 6.5 Hz, 5-H). (f) Lit. (6) NMR 5 1.33 (t, CH3), 3.88

(q, CH2), 6.28 (d. J4 5 6.5 Hz, 4-H), 8.23 (d, J4 5 6.5 Haz, 5-1),

one gram aliquots of the reaction mixture were removed and
titrated with 0.1 N sodium hydroxide solution for residual acid.
When titration indicated that the reaction was over 93% complete,
the mixture was cooled to room temperature and yielded in three
crops 117 g (62%) of 1Vbb, m.p. 124-125° after recrystallization
from methanol.

N,N'-Di-n-tetradecyl-3,3"-dithiodipropionamide (1Vq).

In a reaction flask equipped with a Dean-Stark trap was heated
a mixture of 42 g. (0.20 mole) of dithiodipropionic acid, 85.2 ¢.
(0.40 mole) of n-tetradecylamine, and 350 ml. of dry xylene.
After 3 hours at reflux, 4 ml. of water had been collected, and a
solution had formed. The reflux temperature was maintained
overnight. At the end of this time the odor of hydrogen sulfide
was evident, and the trap contained 6.3 ml. of water (theoretical
amount 7.2 ml.). On cooling of the reaction solution I'Vq separated
as a grey solid which was collected and dried to yield 47 g. (39%),
m.p. 123-126° after recrystallization from toluene.

g-Thioacctoxyisobutyric Acid (X1).

In a 500 ml. flask with a stirrer, thermometer, and dropping
funnel was placed 172 g. (2.0 moles) of methacrylic acid. Then
152 g. (2.0 moles) of thiolacetic acid was added dropwise over one
hour. 'the solution was allowed to stand for several days at room
temperature, during which time a solid separated. The suspension
was filtered giving 38 g. of X1 as a white solid. The filtrate was
cooled in dry-ice to precipitate an additional 175 g. of product X1.
The combined solids were then triturated with hexane, giving
157 . (49%) of XI, m.p. 39-41° (lit. (10) b.p. 143-144° (4 mm)).

B-Mercaploisobutyric Acid (X11).

In a two liter flask containing 80 g. (2.0 moles) of sodium
hydroxide in 675 ml. of water under a nitrogen atmosphere was
added 100 g. (0.62 mole) of XI. After stirring at room temperature
for 5 hours, the clear yellow solution was acidified with 400 ml. of
1:1 aqueous sulfuric acid giving an emulsion containing some pale
pink gum. Both the emulsion and gum were extracted with
cther, and the ether was dried over anhydrous magnesium sulfate.
Evaporation gave 79 g. of crude XII as a yellow-orange oil, which
was used without further purification.

3,3"-Dithiodiisobutyric Acid.

To a solution of 17 g. (0.425 mole) of sodium hydroxide in
160 ml. of water was added 50 g. (0.42 mole) of crude XE. The
solution was maintained at 45° during the dropwise addition of
21 ml. (0.215 mole) of 35% hydrogen peroxide. After addition

the reaction was allowed lo stand for several hours al room
temperature and was then acidified with concentrated hydrochloric
acid. The precipitate was collected by filtration and dried to give
23 g. (48%) of 3,3 -dithiodiisobutyric acid, m.p. 83-84° (lit. (1)
m.p. 86-87°).

3.3"-Dithiodipropionamide Cyclizations. The following procedures
are typical illustrations of the general method.

3-Hydroxyisothiazole (I11a).

In a two liter flask with stirrer, a thermometer, and a gas inlet
tube was placed 208 ¢. (1.0 mole) of IVa and one liter of
anhydrous ethyl acetate. The resulting slurry was warmed to
40°, and 224 g. (3.5 moles) of chlorine gas was added over 2
hours beneath the surface of the liquid, maintaining the tempera-
ture at 40-50°. Hydrogen chloride began to evolve fairly rapidly
after about 1.5 hours. At the completion of addition the cream
colored suspension was cooled to room temperature and was
filtered. The solid precipitate was washed with ethyl acetate on
the filter and then was resuspended in one liter of this solvent.

The slurry was cooled to 10°, and 20% aqueous sodium hydroxide
was added until the aqueous phase was pH 4.5 (about 380 g.,
1.90 moles of base was required). The organic phase was then
separated and evaporated under reduced pressure lo yield 150 g.
(75%) of lla, m.p. 73-74° from benzene (lit. (6) m.p. 74-75°).

3-Hydroxyisothiazole (Illa) and 5-Chloro-3-hydroxyisothiazoles
(Vlla).

To a suspension of 20.8 g. (0.10 mole) of 1Va in 500 mi. of
cthylene dichloride at 10-15° was added dropwise 42.5 g. (0.315
mole) of sulfuryl chloride. After addition the suspension was
allowed to come to room temperature and was stirred for several
hours. The solid was then removed by filtration and was dissolved
in 100 ml. of warm water. On cooling of the aqueous solution
4 g (15%) of Vla separated as tan crystals, m.p. 95-96° after
recrystallization from water.  The aqueous filtrate was then
continuously ether extracted to yield 11.2 g. (55%) of 1lla, m.p.
73-74° (benzene) (lit. (6) m.p. 74-75°).

4-Methyl-3-hydroxyisothiazole (1Hlb) and 5-Chloro-4-methyl-3-
hydroxyisothiazole (VIlb).

To a suspension of 11.8 g. (0.05 mole) of 1Vqq in 200 ml. of
ethylene dichloride at 20-25° was added slowly a solution of
21.3 g. (0.15 mole) of sulfuryl chloride in 30 ml. of cthylene
dichloride. During this addition a gummy material formed but
turned to a granular solid on continued stirring overnight. On
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filtration 9.15 g. of white solid was obtained. The filtrate was

® YO’ W o
=T -k = S evaporated, and the residue dissolved in ether. The ether solution
w <+ N AN A - — 12 )
S s = T E‘ was washed with water and dried over anhydrous magnesium
b raNe oo o < sulfate. Evaporation gave 3.0 g. of IllIb, m.p. 105-109° from
> T AKBKS S F9 o benzene-hexane. The original solid precipitate from above was
g LI C SO O T treated with 100 ml. of hot water. Filtration gave 2.8 g. (18%) of
3 < Vllb, m.p. 125-126° from chloroform. Extraction of the aqueous
= s = £ filtrate with ether, and evaporation of the ether yielded 2.4 g.
T <4 o ™ s additional 111b, giving a total amount of 5.4 g. (47%).
=
. £ 2-Methyl-4-isothiazolin-3-one (Illc).
§ ,2 318 8 2
e P S o - To a slurry of 71 g. (0.30 mole) of IVb in one liter of
= " <+ <+ < K : : o . ;
= = ethylene dichloride at 10-15” was added dropwise over a period
< = .
= g of 1.5 hours 122 g. (0.90 mole) of sulfuryl chloride. After
T, 3 % = & g X 2 : Fa stirring for several hours at room temperature the reaction was
g s e DAV oV VS »{E filtered to give a white solid precipitate. This material was
5 - dissolved in 200 ml. of water, and the aqueous solution was
- n €333 @,‘ 25 < continuously ether extracted overnight. The ether extract was
. SR e L S D C IO diluted with chloroform to dissolve some oil which had separated,
E g and the solution was dried over magnesium sulfate. Evaporation
3 S g8 g 3 g then gave 23 g. (3'%%) of Ille, b.p. 93° (0.03 mm), m.p. 48-50°
T & & o g (lit. (6) m.p. 50-517). This product was extremely hygroscopic
= and turned to an oil almost immediately when exposed to at-
2.8 o & mospheric conditions.
© = 3 E N
B8 < g ;E)' 5-Chloro-2-methyl-4-isothiazolin-3-one (Vilc).

g To a slurry of 23.6 g. (0.10 mole) of IVb in 350 ml. of
= U}:(’E (92(;);.(?‘:”3 u}: § ethylene dich.loride at 10_1.50 was adde}? 54 g;‘(0.4(). mole) of
S SS 5SS o = sullfuryl chloride over a period of 1.25 hours. The mixture was
£ = SO0 . ) S - stirred for an additional 6 hours. Water (75 ml.) was then added
g g _:‘_7“2 NT T ITITO NS o to the cold mixture, and the resulting layers were separated.

o™ . . .
O 5 A=A B 2<lz ZL & The ethylene dichloride layer was dried over magnesium sulfate
—_ = ST :E' T = = ::f :?:E' g and evaporated to an oil which solidified 0;1 standing. Recrystal-
= SRR . lization of this solid from ligroin (60-90°) gave 4 g. (13%) of
= ool olwuow g Vile, m.p. 54-55°.
= = , m.p. .
m -
ﬁ § 2-n-Butyl-4-isothiazolin-3-one (lllg).
oU_ S SN SR _g‘ To a susp%nsion of 192 g. (0.60 mole) of IVe in 600 ml. of
& ; ; 2 ; ; ; : O I v toluene at 40° was added 134 g. (1.90 mole) of chlorine over a
= ) IS B Lo e O e § g period of one hour. After addition the mixture was evaporated
h under reduced pressure to give the light tan solid hydrochloride.
% 5 SO e 00 MmN e e -§ This solid was added to a mixture of 300 ml. of water and 200 ml.
g @R L SACSCIOR = of ether. Solid sodium bicarbonate was added in portions until
- Y
n 5 the aqueous phase was at a pH of 7-8. The layers were then
= ?5 separated, and the water extracted with 3 x 200 ml. additional
ﬁo E vooLUowwen &= portions of ether. The combined ether extracts were dried over
= =38 anhydrous magnesium sulfate, and the ether was evaporated to

=~ i leave a dark oil. Vacuum distillation of this oil gave 173 g. (92%)

_ o 2 2 of 1llg, b.p. 90-105° (0.4-0.8 mm), which on redistillation gave
@ TZIzzzmzzO00 g b.p. 96° (0.3 mm).

]

= 2-t-Octyl-4-isothiazolin-3-one (Illn).

? -

- _;3_ g To a suspension of 208 g. (0.48 mole) of 1Vl in 480 ml. of
n 9 toluene at 20-50° was added 107 g. (1.50 mole) of chlorine over a
< :N wm - < :§ : period of one hour. After addition the clear orange solution was
oo O Qed o af o3 = z allowed to cool and was then washed with 3 x 500 ml. portions of
i i o o _— e 3 .
ala) % 8 GNSN 5”5 T 5% water. The toluene phase was then dried over anhydrous magnesium
TSI IS o B sulfate and evaporated under reduced pressure to give 193 g. (94%)
A . o a 0 .
STITFTIFISS S 3 SO g of HIn, m.p. 88-93°. Recrystallization of this material from ethyl
=t acetate gave IlIn, as a white solid, m.p. 101-102°.
L%
- @
g £ = E 2-Benzyl-4-isothiazolin-3-one (Illt) and 2-Benzyl-5-chloro-4-iso-
] a o b
g = mx=Ec dach 3 s & S
E- R = thiazolin-3-one (VIId).

—

3 = = To a suspension of 58.2 g. (0.15 mole) of IVrin 500 ml. of
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ethylene dichloride at 10-15° was added dropwise 63.6 g. (0.47
mole) of sulfuryl chloride. After stirring overnight the clear,
light amber solution was concentrated under reduced pressure to
about 0.5 volume. A cream-colored solid separated and was
collected by suction filtration. This solid was then slurried in
200 ml. of water, filtered, and dried to give 27 g. (47%) of IITt,
m.p. 78-80°, not changed by recrystallization from benzene-hexane.
The original ethylene dichloride filtrate was then evaporated under
reduced pressure to leave a brown oil. Charcoal decolorization of
this material in benzene, and crystallization from heptane gave
8 . (12%) of VIid, m.p. 58-59°.

2-Benzyl-4,5-dichloro-4-isothiazolin-3-one (VHe).

To a suspension of 15 g. (0.039 mole) of 1Vr in 155 ml. of
cthylene dichloride at 15° was added dropwise 38.4 g. (0.27 mole)
of sulfuryl chloride. After addition the clear solution was allowed
to stir at room temperature overnight. The solution was then
evaporated under reduced pressure to give an amber oil. This oil
was extracted with boiling heptane; on cooling a pale yellow
solid separated.  This solid on recrystallization from heptane
vielded 5.5 g. (27%) of Vlle, m.p. 62-64°.

24(4-Chlorophenyl)-4-isothiazolin-3-one (IH111).

To a suspension of 136 g. (0.32 mole) of 1Vjj in 320 ml. of
toluene at 40-45° was added over a period of one hour 129 g
(0.96 mole) of sulfuryl chloride. During the addition the reaction
mixture thickened considerably, and an additional 450 ml. of
toluene was added to ease the stirring. After the addition the
mixture was stirred for 0.5 hour and filtered. This solid was dried
and then slurried in 600 ml. of water. Filtration and drying gave
96 2. (71%) of LI, m.p. 142-144° after recrystallization from
toluene.

4.5-Dichloro-3-hydroxyisothiazole (Vila).

To a solution of 5.1 g. (0.050 mole) of [11a in 100 ml. of ethyl
acetate at -5° was added 6.75 g. (0.050 mole) of sulfuryl chloride
over a period of 20 minutes. The mixture was then allowed to
warm to room temperature and stir overnight. Filtration of the
mixture gave 2.0 g. (76%) of Illa hydrochloride. The filtrate
upon evaporation yielded 6.4 g. of a solid-oil residue. Trituration
of this mixture with water then gave 3.3 g (77% based on
sulfuryl chloride) of VIlla, m.p. 151-154° from benzene-ethanol.

4-Chloro-3-hydroxyisothiazole.

To a solution of 10.1 g. (0.1 mole) of IHa in 100 ml. of EDC
al 5-10° was added over a period of 45 minutes a solution of
13.5 g. (0.1 mole) of sulfuryl chloride in 10 ml. of EDC. Upon
completion of the addition, the solid which had separated was
collected, but turned to gum on the filter. This material was
dissolved in water and extracted continuously with ether. Evapo-
ration of the dried extracts gave 6.0 g. of the starting [11a. The
EDC filtrate from above was evaporated to a gummy solid. This
material was dissolved in hot water, filtered to remove some
tarry matter, and cooled to yield 0.5 g. of crude 4,5-dichloro-3-
hydroxyisothiazole (VIlla), m.p. 146-150°. The aqueous filtrate
was then extracted continuously with ether. The dried extract on
evaporation gave a gummy solid, which upon crystallization from
EDC yielded 0.4 g. of 4-chloro-3-hydroxyisothiazole, m.p. 167-
172°. 'This product was not purified further, but NMR analysis
corroborated the assigned structure, § (deuterated acetone) 8.80
(s, 5H).

4-Bromo-3-hydroxyisothiazole (1Xa).

To a solution of 5.1 g. (0.050 mole) of Hla in 100 ml. of ethyl
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acetate at -5° was added dropwise 8 g. (0.050 mole) of bromine.
The resulting suspension was allowed to come to room temperature
and stir for several hours. The resulting slurry was then evaporated
to an oil-solid residue, which on trituration with water gave 5.3 g.
(60%) of IXa, m.p. 198-199° from ethyl acetate.

4,5-Dichloro-2-methyl-4-isothiazolin-3-one (V11Ib).

To a solution of 5.2 g. (0.045 mole) of lll¢ in 100 ml. of
ethyl acetate at -70° was added 6.08 g. (0.045 mole) of sulfuryl
chloride over 45 minutes. The reaction was stirred at this tempera-
ture for 4 hours, and was then allowed to come to room tempera-
ture. The ethyl acetate was removed by evaporation from the
reaction slurry, and the solid thus obtained was extracted with
benzene. Filtration and evaporation of the benzene gave 4 g.
(96% based on sulfuryl chloride) of VIIlb, m.p. 121-123° from
chloroform.
4-Bromo-2-methyl-4-isothiazolin-3-one (I1Xb).

To a solution of 5.0 g. (0.043 mole) of lll¢ in 100 ml. of
ethylene dichloride at 0-5° was added dropwise over 35 minutes a
solution of 6.94 g. (0.043 mole) of bromine in 25 ml. of ethylene
dichloride. After addition the mixture was allowed to warm to
room temperature and to stir for several hours. The mixture was
then filtered to yield a red solid, which on solution in water and
cther extraction gave 1.3 g. (16%) of IXb, m.p. 94-97° from
tigroin (90-120°).

4-Bromo-2-t-butyl-4-isothiazolin-3-one (IXc).

To a solution of 7.8 g. (0.05 mole) of 1llh and 5.0 g. (0.05
mole) of triethylamine in 50 ml. of ethyl acetate was added at
-5-0° over 15 minutes 8.0 g. (0.05 mole) of bromine in 20 ml. of
ethyl acetate. A precipitate formed at once, and after 2.5 hours
at room temperature the mixture was evaporated to a solid residue.
This material was slurried first in water and then in ether to yield
0.6 g. (56%) of 1X¢, m.p. 150-153° from ether.
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